Two schemes for polarization-insensitive optical spectral inversion without frequency shift based on four-wave mixing are proposed, both utilizing a conventional semiconductor optical amplifier (SOA) and two pump waves. The significant advantages of the configurations include their simplicity, effective suppression of the signal and one of the pump waves and a reduction in the noise associated with these polarizations. In addition, the schemes offer broad operating parameter ranges from narrow frequency detunings using short devices in one proposed configuration (type I) and wide frequency detunings using long devices in a second configuration (type II). A specific feature of the second scheme is that polarization-sensitive SOAs can be utilized without compromising the operating characteristics.
Introduction
Mid-span spectral inversion (MSSI) by four-wave mixing (FWM) is a promising technique for upgrading the capacity of the existing fibre network. The approach offers a particular attraction in that the cost of the upgrade is independent of the length of the fibre span [1] . Another beneficial feature is that the technique allows partial cancellation of signal distortions due to Kerr nonlinearity and self-phase modulation [2] . In conventional FWM schemes, optical spectral inversion is always associated with a net shift of the original signal frequency. The frequency shift, however, is undesirable in both ultrahigh-bitrate optical time division multiplexing (OTDM) and ultrahighcapacity wavelength division multiplexing (WDM) systems because the shift wastes useful transmission bandwidth of the systems [3] .
To achieve optical spectral inversion without any shift of the central frequency of the signal, several approaches have been reported, which include, for example, an optical parametric loop mirror [4] and co-propagating orthogonally polarized dual-pump FWM in optical fibres [5] and semiconductor optical amplifiers (SOAs) [6] . The optical parametric loop mirror technique is not easy to apply in practical MSSI systems due to the utilization of a dispersive element for extracting a generated conjugate wave from the input waves. In particular, all the schemes cited above have strong polarization sensitivity because the techniques require the polarization state of the signal to be parallel to one of the pump waves. Since the polarization state of a light wave at a given position in a real transmission system cannot be readily controlled, schemes for polarization-insensitive optical spectral inversion without frequency shift are required.
Polarization-insensitive MSSI by FWM has been achieved in OTDM transmission using a structure based on two orthogonally polarized pumps [7] and a configuration based on a polarization diversity scheme [8] . The optical spectral inversion in the aforementioned two strategies is however accompanied by a net frequency shift of the input signal. Furthermore, a large wavelength spacing between the two pumps in [7] significantly increases the polarization sensitivity, which would be, for example, of the order of ∼7 dB for a wavelength spacing of ∼5 nm, while in [8] any imbalance of optical gain, relative conversion efficiency or optical path length between the two branches would lead to considerable variations of polarization sensitivities.
A polarization-independent frequency-shift-free optical phase conjugator [9] was demonstrated experimentally in a nonlinear fibre Sagnac interferometer, which employs a 10 km long dispersion-shifted fibre and requires a precise choice of two pump wavelengths for efficient generation of conjugate waves. Recently, to achieve polarizationinsensitive frequency-shift-free optical spectral inversion, an extremely simple technique [10] was reported, utilizing one polarization-insensitive SOA device and two counterpropagating orthogonally polarized pump waves.
In comparison with the technique in [9] , the latter approach is intrinsically simpler and more compact, allows lower input pump powers due to higher optical gains of the SOAs and completely eliminates the limitation on specific pump wavelengths.
In this paper, the performance of the previously presented configuration [10] (type I) will be analysed in detail. The type I configuration, however, suffers from the wavenumber mismatch effect [11] , which means that the scheme is constrained to applications where short SOA devices (less than ∼200 µm) and narrow frequency detunings (less than ∼250 GHz) can be used. To broaden the operating parameter regime, a second novel polarization-insensitive frequencyshift-free optical spectral inversion scheme (type II) is presented. The type II scheme retains a simple structure, which consists of one conventional SOA and two perpendicularly polarized pump waves, but it is efficient for long SOA devices (longer than ∼500 µm) and large frequency detunings (larger than ∼300 GHz). In comparison with the schemes for polarization-sensitive optical spectral inversion without frequency shift [5, 6] or polarization-insensitive optical spectral inversion with frequency shift [7, 8] in SOAs, a similar magnitude of conjugate power and signal to noise ratio (SNR) can be obtained using the type II configuration. In particular, a polarization-sensitive SOA device can also be used in the type II scheme without significantly compromising the operating characteristics. Moreover, easy separation of the generated conjugate wave from the input waves at the output port can also be achieved in both type I and type II schemes.
It should be pointed out that, based on a previously developed space-averaged FWM model [11] , we have proposed several general schemes [11] [12] [13] for polarizationinsensitive FWM in SOAs. Recently, by employing similar schemes to those presented in [12] and [13] , efficient polarization-independent FWM in optical loops has also been achieved experimentally [14, 15] . The polarization-insensitive optical spectral inversion without frequency shift described here can be seen as a special case of the process of optical phase conjugation in these general FWM schemes [11] [12] [13] . The aim of this work is to provide convenient methods for achieving polarization-insensitive MSSI without frequency shift. This is a practical application which cannot be addressed using only the results reported in [11] [12] [13] . For example, each scheme in [11, 12] utilizes one pump source whereas the type I configuration discussed later in this paper uses two pump sources. Again the context for application and practical methodology employed in the type II scheme and the configuration in [13] are radically different. In [13] , the frequencies of the input signal and one of the pump waves are fixed, whilst the frequency of the other pump wave is detuned to achieve a robust FWM conversion efficiency for a frequency detuning range as large as possible. In the type II scheme presented here, the two pump frequencies are taken to be symmetrical with respect to that of the input signal. Both pump waves will then generate a conjugate at the signal frequency; the frequency detuning will thus be zero. In addition to examining the principles of operation of these two new schemes, in this paper, some practical issues concerning the implementation of these schemes are also addressed in detail. These issues include, for example, the effects of using polarization-sensitive SOAs, the pump polarization states not perfectly aligning with the TE and TM modes of SOAs and birefringence in SOAs.
Space-averaged FWM model
The two schemes for polarization-insensitive optical spectral inversion without frequency shift are analysed using a spaceaveraged FWM model [11] , which successfully explains the nonlinear mixing that occurs between both co-and counterpropagating waves of arbitrary polarization states. In the space-averaged FWM model, the SOA is considered simply as an averaged saturable gain followed by a third-order nonlinearity. The averaged saturable gain and third-order nonlinearity are responsible for the amplification of mixing waves and generation of conjugate waves, respectively. The model is applicable when the SOA is constructed using isotropic materials and operates in a moderate saturated gain region.
The formalism considers the mixing of waves,Ê j , at frequency ω j (j = α, β, γ ), which have been amplified by the averaged saturable gain. The generation of a conjugate waveÊ α,β,γ at frequency ω α − ω β + ω γ through the third-order nonlinearity can be described as follows [16] : the nonlinear coupling between the wavesÊ α andÊ β produces a population pulsation at the beat frequency ω α − ω β , which leads to temporal gain and index gratings. As a result of scattering the waveÊ γ , the conjugate waveÊ α,β,γ is created. The generated conjugate wave can be written as [11] 
where the vector dot-productÊ α ·Ê * β indicates that no population pulsation occurs if the two waves are orthogonally polarized. The polarization state of the conjugate wave is parallel to the wave ofÊ γ .
The strength of the contribution from the nonlinear coupling to the conjugate wave is determined by the complex coupling coefficient R(ω α − ω β ) = r 2 (ω α − ω β ) [17] . These features are consistent with those obtained from a lumped FWM model [18] , which is valid for FWM processes involving only co-propagating waves with arbitrary polarization states; k j and k α,β,γ are the wavenumbers of the input and generated conjugate waves. The wavenumber mismatch is intrinsic to nondegenerate FWM processes, and the mismatch effect is enhanced for FWM between counterpropagating waves [16, 17] . The wavenumber mismatch
is included in equation (1) to S149 describe the FWM between counter-propagating waves. The function T which appears in equation (1) can be written as [11] T
and accounts for the influence of the wavenumber mismatch on the conjugate amplitude. Note that if the group-index dispersion effect is neglected (which is a good approximation for frequency detunings less than ∼15 THz [17] ), then in a copropagating wave mixing scheme we have k αβγ = 0, so that T ( k αβγ z) = 1. Therefore, equation (1) reduces to the form of the analytically lumped FWM model [18] . The term e i kαβγ z associated with the phase terms of mixing waves determines the propagation direction of the conjugate wave. A positive (negative) wavenumber term denotes the wave travelling in the +z (−z) direction. It can be deduced from the above analysis that the conjugate waveÊ γ,β,α has the same frequency, phase and amplitude but may have a different polarization state to that of the conjugate waveÊ α,β,γ . Based on the space-averaged FWM model, proposals are made of two simple schemes, here denoted type I and II schemes for polarization-insensitive optical spectral inversion without frequency shift. Their configurations and operating principles will be presented and analysed in sections 3 and 4, respectively.
Type I scheme
The proposed type I scheme is illustrated in figure 1 . The polarized state of the forward-(backward-) propagating pump waveÊ f (Ê b ) is aligned with the TE,x direction (TM,ŷ direction) polarization of the SOA. A signal waveÊ s launched into the SOA from the front facet has an arbitrary polarization directionê s = cos θx+sin θŷ, where θ is the polarization angle relative to the TE polarization of the SOA. The frequencies of the forward-propagating pump, ω f , backward-propagating pump, ω b , and forward-propagating signal ω s satisfy ω f + ω b = 2ω s . The polarization states and frequency relations of these waves are given in figure 1(b). As analysed later, the generated conjugate waves appear at both ends of the SOA, and from the front end, a polarization-insensitive conjugate wave whose spectrum is a direct replica of the signal spectrum can be obtained. This can be easily separated from the other waves by using an optical isolator followed by an optical bandpass filter. The optical isolator provides strong isolation (typically greater than 75 dB) of the backward-propagating conjugate and pump waves from the forward-propagating signal and pump waves and from noise associated with the forward-propagating direction. The optical bandpass filter can effectively suppress the backward-propagating pump wave and relevant background noise.
As shown in figure 1 , the pump and signal waves amplified by the averaged saturable gain of the SOA can be expressed aŝ
where G x and G y are the SOA's saturable gains for thex and y polarizations respectively; P f , P b , P s are the input optical 
where
The two orthogonally polarized conjugate waves co-propagate backwards. It is assumed that the conjugate waves are sufficiently weak that higher-order wave mixing processes between the newly generated conjugate wave and the pump or signal waves may be neglected. A backward-propagating waveÊ b,s,b at a frequency of 2ω b −ω s has a large wavenumber mismatch k b,s,b = 2k s , thus leading to a negligible conjugate power. Therefore, onlyÊ f,s,b andÊ b,s,f at the signal frequency can be measured at the front facet of the SOA. The conventional polarization-sensitive conjugate waveÊ fsf is not located at the signal frequency and propagates forward.
It is well known [16] [17] [18] that in conventional FWM schemes a large frequency detuning | ω| reduces the FWM conversion efficiency and hence results in a low SNR value. Therefore, frequency detunings less than ∼500 GHz have been widely adopted in MSSI systems [1, 3, 7, 8, 19] . In such a frequency detuning region, the contribution from the carrier depletion effect to the coupling coefficient r( ω) is dominant, thus causing a negligible coupling coefficient difference between positive detuning ω > 0 and negative frequency detuning ω < 0 [17] . If the SOA gain is polarization insensitive, G x = G y = G, then the output conjugate power at the front end is
Equation (5) indicates that the output conjugate power at the signal frequency ω s is polarization insensitive. The polarization-insensitive operation is independent of the powers, P f and P b , in the pump beams so long as their product is an appropriate constant value. The operation is also independent of the wavelength spacing between the pump beams. The combination of the wavenumber mismatch and the frequency-detuning-dependent coupling coefficient causes the output conjugate power to decrease with increasing | ω|, but if | kL| = |2n ωL/c| 2π, the measured conjugate power will not be significantly reduced, (here n is the refractive index and c is the velocity of light in vacuum). For example, for an ∼250 GHz frequency detuning and an SOA of length L = 200 µm based on InGaAsP material operating at a wavelength of 1.55 µm, a conversion efficiency ∼30 dB below that of the co-propagating case can be achieved, which is well within experimental measurement capability [20] . It should be especially pointed out that, in comparison with the copropagating cases, the significant suppression of other mixing waves and the relevant noise provided by the combination of the optical isolator and the optical bandpass filter, would lead to a relatively high SNR value for a given conjugate wave power. This would relax the limitation on minimum conjugate powers above which conjugate waves can be distinguished from background noise.
It can be clearly understood from the wavenumber mismatch condition that reduction of frequency detunings and device lengths can significantly enhance polarizationinsensitive conjugate powers. Therefore, the proposed type I scheme is more efficient for low-frequency detunings (less than ∼250 GHz) and short device lengths (less than ∼200 µm). To provide wider operating parameter ranges, another scheme (type II) is presented and analysed in section 4.
Type II scheme
The type II scheme is shown in figure 2 , where a pump wavê E p1 at ω p1 (pump 1) and a collinear signal waveÊ s at ω s with an arbitrary polarization angle θ and power P s are injected into an input port of a polarizing beam splitter 1 (PBS1). These are split into forward-propagating beams,Ê pf1 andÊ sf , which are polarized in thex direction, and backward-propagating beams, E pb1 andÊ sb , which are polarized in theŷ direction. Another pump waveÊ p2 at ω p2 (pump 2) is split by the other input port of the PBS1, into the forward-propagating beamÊ pf2 polarized in theŷ direction and backward-propagating beamÊ pb2 polarized in thex direction. These perpendicularly polarized input pump waves are aligned at 45
• to the principal axes of the PBS1, so that the forward and backward pump beams are of identical powers, P pf1 = P pb1 = P p1 , P pf2 = P pb2 = P p2 . The polarization states of the forward-and backward-propagating beams are demonstrated in figure 2(b) . The frequencies of the pump and signal waves also fulfil the relation ω p1 + ω p2 = 2ω s . A schematic diagram of the frequency allocation of the scheme is given in figure 2(c) . It will be shown later that a polarizationindependent conjugate wave located at the signal frequency can be extracted from an output port of the PBS2. The PBS2 also effectively suppresses the input signal and pump beam 1 and noise associated with these polarization directions.
The conjugate waves at the frequency of interest, ω s , can be produced through the nonlinear mixing between the amplified co-propagating beams: the gratings formed by thex polarized forward-propagating beams,Ê pf1 andÊ sf , scatter thê y polarized forward-propagating beamÊ pf2 , and generate aŷ polarized forward-propagating conjugate beamÊ pf1,sf,pf2 . In a similar way, nonlinear mixing between the three backwardpropagating beamsÊ pb1 ,Ê sb andÊ pb2 , can create anx polarized backward-propagating conjugate beamÊ pb1,sb,pb2 . According to equation (1), these conjugate beams can be S151 expressed aŝ
The conjugate beams,Ê pf1,sf,pf2 andÊ pb1,sb,pb2 , do not suffer from the wavenumber mismatch effect due to the copropagating beams participating in the mixing processes. Meanwhile, conjugate waves at ω s can also be produced through nonlinear mixing between the amplified counterpropagating beams: the gratings formed by thex polarized forward-propagating beams,Ê pf1 andÊ sf , scatter thex polarized backward-propagating beamÊ pb2 , and generate an x polarized backward-propagating conjugate beamÊ pf1,sf,pb2 . On the other hand, the gratings formed by theŷ polarized backward-propagating beams,Ê pb1 andÊ sb , scatter theŷ polarized forward-propagating beamÊ pf2 , and generate â y polarized forward-propagating conjugate beamÊ pb1,sb,pf2 . These conjugate beams can be written aŝ
where k = k pf1,sf,pb2 = k pb1,sb,pf2 = k p2 − k p1 . The conjugate beams,Ê pf1,sf,pb2 andÊ pb1,sb,pf2 , suffer from the wavenumber mismatch effect due to the counter-propagating beams involved in the mixing processes. No population pulsation is induced by orthogonally polarized mixing waves. Considering the assumptions made after equations (3) and (4), only the above four conjugate beams are therefore created at the signal frequency ω s : twoŷ polarized forward-propagating beams,Ê pf1,sf,pf2 and E pb1,sb,pf2 , and twox polarized backward-propagating beams, E pb1,sb,pb2 andÊ pf1,sf,pb2 .
These conjugate beams will recombine at the PBS2, as shown in figure 2(a) . It should be emphasized that the polarization states of the forward (backward) conjugate beams are orthogonal to those of the forward (backward) signal and pump beam 1, and the polarization state of the conjugate wave is parallel to that of the pump 2.
If the SOA is polarization insensitive, the output conjugate power from the output port of the PBS2 is
(10) It can be seen from equation (10) that the polarizationdependent output conjugate power arises due to the wavenumber mismatch effect. Based on equation (2), it is seen that for the case of large frequency detunings and long devices, |T | 1 is fulfilled, and hence a polarization-insensitive conjugate power can be measured from the output port of the PBS2. If we define the FWM conversion efficiency as the ratio of the power of the conjugate wave from the output port of the PBS2 to the power of the input signal wave to the input port of the PBS1, the conversion efficiency could be reduced by a few dB [21] because of the insertion loss of optical elements in the present scheme. Due to the orthogonal polarizations of the generated conjugate and pump 2 beams compared with those of the signal and pump 1 beams in both propagating directions, the input signal and pump 1 waves (as well as the background amplified spontaneous emission possibly added to these waves by the SOA) will be nearly completely suppressed by the PBS2. Only the conjugate and pump 2 waves appear at the output facet of the PBS2. The conjugate wave can be finally separated from the pump 2 wave using an optical bandpass filter. Thus the PBS2 and the optical bandpass filter provide strong suppression of the input waves and their relevant noises.
In order to determine the practical parameter regime under which the influence of the wavenumber mismatch effect on the conjugate power is negligible, the following estimate can be given: for a similar SOA material as used in the type I scheme and an SOA length of 500 µm, it is found that when the frequency detuning is larger than ∼300 GHz, a polarization sensitivity less than ∼0.8 dB is obtainable [12, 13] . Clearly, a longer device not only leads to a smaller polarization sensitivity but also enhances the FWM conversion efficiency and SNR [22] .
Equation (10) reflects the fact that the optical powers, P p1 and P p2 , in the pump waves do not affect the conjugate power or the polarization sensitivity provided that the product of the two powers is fixed. It is interesting to note that if the frequencies of the pump wave 1, ω p1 , and the signal wave, ω s , are fixed, both the conjugate power and conjugate polarization sensitivity are independent of the pump wave 2 frequency, ω p2 [13, 14] , hence the SNR is also independent of the pump wave 2 frequency [13, 14] because the conjugate power is proportional to the gain at pump wave 2 and the noise in this spectral region is also roughly proportional to the gain. The polarization and optical power of the conjugate waves for the type II scheme are therefore robust to frequency variation of pump wave 2. However, it is worth emphasizing that the frequency of the generated conjugate wave is changed with any frequency variations of pump wave 2, and that only when the two pump wave frequencies are symmetrical with respect to the signal frequency is the conjugate wave located at the signal frequency.
The above analysis indicates that such an extremely simple configuration can simultaneously overcome the main disadvantages of conventional FWM schemes: both the strong polarization sensitivity and significant efficiency degradation with increasing frequency conversion intervals between the signal and generated conjugate wave for general FWM cases [12, 13] .
Although frequency-conversioninterval-independent FWM efficiency and SNR have been demonstrated experimentally by using two orthogonally polarized pump waves [23] [24] [25] [26] , the performance is, however, polarization sensitive. Recently, both polarizationinsensitive and frequency-conversion-interval-independent FWM performance [27] has been achieved experimentally in a rather complex scheme consisting of two SOA devices. Due to the inevitable differences in characteristics between two SOA devices, the injected current of one of the SOAs has to be adjusted for each frequency conversion interval to obtain the same conversion efficiency [27] . Obviously, this would appear to impose strong constraints on the practical utilization of the approach. This disadvantage is however no longer a problem for the type II configuration presented here. Therefore, the significant advantages of the type II scheme including simple structure, broad operating parameter range and relatively high output conjugate power makes the present technique attractive for practical MSSI utilizations.
Discussion
In this section, we will discuss some considerations pertinent to the practical implementation of the proposed techniques.
We first investigate the influence that polarizationsensitive SOAs will have on the operating characteristics of the proposed schemes. To achieve polarization-insensitive optical spectral inversion without frequency shift, the utilization of polarization-insensitive SOAs is essential only for the type I scheme. But it can be found from equations (3) and (4) that a polarization-sensitive SOA in the type I scheme can support polarization-insensitive FWM performance if the frequency of one of the pump waves is varied to ensure that
However, in this case the conjugate frequency may deviate from that of the signal. If a polarization-sensitive SOA device is employed in the type II scheme, polarization-insensitive optical spectral inversion without frequency shift can still be achieved provided the ratios of the powers between the forward and backward pump beams are adjusted appropriately. If we define P pf1 /P pb1 = ξ 1 and P pf2 /P pb2 = ξ 2 , then, in order to achieve the expected operation, according to equations (6)- (9), we have
For an SOA device longer than, say, ∼1 mm and a frequency detuning larger than a few hundred GHz, it is sufficiently accurate to neglect conjugate waves created by counterpropagating mixing waves. Therefore, by adjusting the pump power ratio to satisfy only equation (11), polarizationinsensitive optical spectral inversion without frequency shift can be achieved. On the other hand, if conjugate waves generated by counter-propagating mixing waves are to be taken into account, from equations (11) and (12), a condition is easily found under which polarization-independent frequency-shiftfree operation is retained; the condition is ξ 1 = G If the polarization states for the forward-and backwardpropagating pump beams in the proposed scheme are not perfectly aligned with the TE or TM polarization of the SOA, the conjugate powers at the frequency of interest would be reduced due to the decreased input mixing wave powers corresponding to the specific polarization states. However, the polarization-insensitive FWM characteristics are not significantly affected because the polarization direction of the conjugate wave is always parallel to that of a pump wave scattered by temporal gain and index gratings. In addition, for this case, some new conjugate waves with other frequencies would appear, which can be isolated from the conjugate waves.
In some experiments in order to measure the extinction ratio between conjugate and signal waves [5, 6] , the wavelength of one of the pump waves is adjusted so that the conjugate wavelength deviates from that of the signal wavelength by a few tens of GHz. Such an experimental approach can still be implemented in the proposed schemes if the appropriate wavelength is shifted. For the type I scheme, the higherfrequency pump should be shifted to a lower frequency. This will increase the conjugate power corresponding to the positive-frequency-detuning region to approach that corresponding to the negative-frequency-detuning region, thus resulting in a better polarization insensitive performance and a larger conjugate power. As analysed in section 4, in the type II scheme, the polarization state of the conjugate waves, FWM conversion efficiency and SNR value are independent of the frequency of pump 2. Therefore, a shift of pump 2 in either frequency direction can be adopted in practice.
In comparison with the type I scheme, the type II scheme would be more efficient for FWM of the short optical pulses [28, 29] , because the FWM processes between the co-propagating pulse trains are pronounced, while the processes between the counter-propagating trains are reduced. This could significantly lower the polarization sensitivity and greatly relax the limitations on the device lengths and frequency detunings set by the scheme.
It is known [30] that birefringence in SOAs causes a polarization walkoff of injected waves within the SOAs due to their different wavelengths if the light is injected off a principal axis. This effect would decrease the FWM conversion efficiency in comparison with the cases of on-axis light injection. However, the degradation is only important for frequency detuning larger than ∼3 THz [30] , which is beyond the typical frequency detuning region used in MSSI systems. Moreover, strongly saturated SOA devices can also enhance the birefringence effect [31] . However, as mentioned in section 2, the SOA devices in the proposed schemes operate in moderate saturated gain regions. Thus the neglect of birefringence in our analysis is valid.
The proposed schemes also apply to multichannel optical spectral inversion provided that (i) for each channel an appropriate set of pump waves whose frequencies are symmetrical with respect to the signal frequency corresponding to this channel is injected and (ii) the signal energy for each channel should also be sufficiently small compared with relevant pump waves so that the signal-induced carrier depletion can be neglected.
Conclusions
Two schemes for polarization-insensitive optical spectral inversion without frequency shift based on FWM have been proposed, each utilizing one conventional SOA device and two pump waves whose frequencies are symmetrical with respect to the signal frequency. The significant advantages of the configurations include a simple structure and effective suppression of signal and pump waves at the output port and reduction in noise associated with these polarizations. In addition, these schemes offer broad operating ranges S153 from narrow frequency detunings (less than ∼250 GHz) using shorter devices (less than ∼200 µm) for one proposed configuration, and wide frequency detunings (larger than ∼300 GHz) using longer devices (larger than ∼500 µm) in a second configuration. In particular, the investigation shows that by appropriate variations of the power ratios between forward and backward pump beams, a polarization sensitive SOA can be used in the type II scheme to achieve polarizationinsensitive optical spectral inversion without frequency shift.
